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INTEGRATED CIRCUIT MODULI 



BACKGROUND OF THE INVENTION 

This invention relates to semiconductor devices 
and more particularly to a very thin type semicof>- 
ductor device in which a tape-iike wiring board and 
an integrated circuit (IC) chip mounted thereto are 
sealed with resin. 

This type of semiconductor device in which a 
wiring board and an IC chip mounted thereto ar© 
sealed with resin has been known and it will 
hereinatter be referred to as an IC module. 

In recent years, a so-called IC.card having data 
processing functions such as a memory function, 
an operation function and the like has been gaining 
a wide range of application in various fields. This 
type of IC card has an IC module embedded in a 
card substrate and when set in a terminal unit such 
as a reader/writer unit ft is operated so tiiat ths 
built-in IC module cooperates wfth tiie terminal unit 
to perform processings such as 
transmission/reception, operation and storage of 
data. 

A conventional IC card has an IC module of a 
structure as exemplified in Rg. L The conventional 
IC module illustrated, in sectional form, in Rg. I 
comprises an IC chip I, electrodes 2, lead conduc- 
tors 3. a wiring board 4, connection terminals 5, 
wiring conductors 6, through-holes 7, contact termi- 
nals 8,' a reinforcement frame 9 and a sealing resin 
K). 

A conductor pattern including the winng con- 
ductors 6 and tiie connection terminals 5 to be 
connected to the electrodes 2 of the IC chip I is 
formed on tiie wiring board 4. the connection termi- 
nals 5 are connected to the electrodes of the IC 
chip I ttirough lead conductors 3 and the wiring 
conductors 6 are connected to the contact termi- 
nals 8 by way of tiirough-holes 7. The IC module is 
embedded in a card substrate {not shown) to form 
the IC card having the contact terminals 8 used for 
electrical connection to tiie terminal unit To finish 
tiie IC module, the IC chip I electrically connected 
with the wiring board 4 is sealed with resin !0 as 
applied in a region defined by the reinforcement 
frame 8. 

The IC module shown in Rg. I is fabricated 
through steps as illustrated in Rg. 2. 

Referring to Rg. 2, the IC chip I Is first fixed to 
the wiring board 4 patterned with the contact termi-* 
nals 8. wiring conductors 6 and connection termi- 
nals 5, and the connection tenninals 5 of tiie wiring 
board 4 are connected to tiie electrodes 2 of tii© IC 
chip 1 by the lead conductors 3, Subsequently, th© 
reinforcement frame 9 is bonded to tii© wiring 



board so that it surrounds tiie IC chip I, and tiKtf 
resin 10 is potted in tiie region defined by tiie 
reinforcement frame 9 to completely seal the IC 
chip 1 and lead conductors 3 and tiien cured to 

9 form tiie IC niodute.- 

The 10 chip I is- fomned of silicon which Is 
fragile and desirably, it is protected by covering 
lower and upper surfaces of ttie IC chip with plates 
of large strength. But tiie overall tiiickness of tits 

10 module is limited. For example, when tiie thickness 
of an iC card is regulated to be 0.76 mm pursuant 
to International Orgamization for Standardization 
(lO.S). the overall thickness of a module must be 
limited to about 0.5 mm or less by taking account 

76 of tiie tiiickness of a protective covi^. 

As far as the thickness of the IC module Is 
limited to -0.5 mm or less. It is impossibte to 
provide the lower and upper surfaces of the IC chip 
with covers- 

20 Further, since tiie resin 10 potted in the region 
defined by the reinforcement frame 9 and tiien 
cured tiirough tiie conventional fabrication process 
becomes a bump rising beyond tiie top of tirs 
reinforcement frame 9. the resin H) needs to bs 

26 ground until at least the top of ttie reinforcement 
frame 9 so that tiie IC module is made as tfiin as 
possibfe to ensure a predetermined thickness of 
the IC moduEa. 

However, during grinding, breaking of ttie lead 

30 conductors 3 would occur acddentally and intend- 
ed reduction in tiiickness can not be achieved. 

As is clear from tiie foregoing description, th® 
conventional IC module in which the reinforcement 
frame sunounds tiie IC chip and tiie wiring board 

36 and tiie IC chip fixed thereto are sealed witii tte 
resin potted in tiie region defined by tiie reinforce- 
ment frame is disadvantageous in that the bacCt 
(bottom surface) of tiie IC chip is bared, proving 
tiiat reinforcement by only ttie reinforcement fram© 

40 applied to the top surface of tiie wiring board is 
insufficient and tiiat the reduction In tiiickness off 
* the IC module can not be so sufficient as to bs 
intended- 

46 

SUMMARY OF THE INVENTIOW 

An object of tiiis invention is to provld© a 
-highly reliable, very thin type IC module capable <^ 
60 facilitating attainment of sufficient reinforcement <rf 
the IC chip and reduction in thickness of tiie IC 
modul®. 
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According to this invention, to accomplish the 
above object, a wiring board is formed with finger- 
like connection terminals, a plurafity of IC chips 
each having bump-lil<e electrodes are fixed to the 
wing board by directly bonding fhe connection 
errrwnals and the bump electrodes, a resulting 

injected Into .the metal mold through transfer mold- 
ing process and then cured, and a molded struc- 
ture^is cut to provide IC modules each having one 

Throughout the thus fabricated IC module the 
wmng board and IC chip can be completely sealed 
with the rpsm at their lower and upper surfaces to 
completely reinforce the IC chip, and the IC mod- 
ule can be decreased in thickness without being 
subjected to grinding. ' "e.ng 



BRIEF DESCRIPTION OF THE DRAWINQS 

Rgure I is a sectional view showing a prior 
art semiconductor device (IC module); " 
nw„, Illustrates fabrication steps for the 

pnor art semiconductor device; 
^ Figure 3 Is a sectional Jiew showing a semi- 

^"h^' ^'i'^" «=~'<«n9 to^ 

. embodiment of the invention; 

Figure 4 illustrates fabrication steps for the 
semiconductor device shown In Hg. 3: 

Figure 5 is a fragmentary sectional view 
showing a plurality of semiconductor devices be- 
fore separated; 

r^"? ® ^ showing a seml- 

condudor device according to a fourth emboX 
ment of the invention; 

Figure 7 is a fragmentary sectional view use- 

duZ^^'^l ^^P* tf'e semicon- 

auctor device shown in Rg. 6; and 

.«n^ r^"[f ®. ^ showing a semi- 

re"s:;2r^-°^^"«*--*-^-"t 



D^PTION OF THE PREFERRED EiVIBODI- 

The invention will now be described by way of 
e=^ple with reference to the acccmpanyin'g 

Referring to Rg. 3. an. IC module according to 

In s2«'ooil?'"'"' ^""^"^ "'"Stated 
In sectional fom, In Rg. 3 comprises an IC chip I 

bump electrodes 2f. a wiring substrate 4. connSci 

Ss n?': ""'"^"^^ 

nals 8 and a molded resin 10 for sealing. The IC 

m^^lo reference nl; 



The IC chip I Is of a thickness of. for example 
0.3 mm and has the bump electro<ies 2- each 
'ncluding a bump formed by metallizing on an 
a^uminurn pad and an uppermost layer fomied on 
« the metahzed layer by plating gold. 

fhir J^f t'J ^^"^ ^ comprises an about 70 um ' 
ttiick plastic (resin) base film which Is made of. for 
t^rpS'i epoxy.lpolyimide or pclyethylene- 

70 ^'nductor pattem of copper foil, formed orTthe 
base film, for constituting tiie wiring conductors 8 
and for fonnation of the connection temilnals 5 and 
contact tem,inals 8. Each of ti,e wiring conduS^ 
^d connection temiinal has a thickness of about 
T6 35 um and the overall thickness of ttie tape-Hke 
wiring board measures about 105 urn. The contact 

goW laminated on ttie copper foil in ttiis o^Jer 

n?^c=^'f • contact teS: 

exL.!r ? ? "PP«""°« end portion which is 
exposed exteriorly of a resin molded structure of 
^e component members to ensure electiical con- 

height of the contact terminal 8 and so ttie muW. 
layer structure Is adopted. Fom,ation of Se whoj 
contart terminal by using gold alone is des'abt 
from tiie standpoint of electrical resistance but is 
30 cosfly. Accordingly, the tiiree-layer structure is«,^ 
Ployed Including the uppermost layeV^oTd m^ 
ing requirement for contact resistance, the lower- 
most layer of copper and tt,e intem,edlateteZ% 
nickel suitable for connection of tt,e gold JSZZ 
per layers. This structure can thereS,re 
quirements of cost and electrical resistanoTC 
connection terminal 5 has a layer of tin fomied on 
the copper foil through mask plating process 
The gold bump electrode 2- of the IC chin i 
« bonded to tf,e connection terniinal s^the 

gold-tin eutecflc bonding. 

TTie whole structure of tiie wiring board 4 and 
the IC ch ip I fixed tiiereto Is molded lithTresln^S 
^ tfirough jansfer molding process, excepting «,e 
upper end portions of the contact tem,lnals 8 to to 
exposed externally of tfie structure, to fom, 
very thin IC module 20 In whfch th; IC S I fe 
securely supported and completely prot^ 

ness. d. of ttie IC module can be 0.5 mm or less. 
Therefore, when this IC module Is used for for 
example, an IC card, ttie design margin of ttt^ IC 
card can be sufficient to achieve ttie 0.78 mm 
66 tt«cknes8 pursuant to tt.e IC card standard even 
when ttie fomiation of tt,e protective cover for ttie 
IC card IS taken into consideration. 



3 



0 254 444 



The IC module shown in Fig. 3 may be fab- 
ricated through fabrication steps as shown in Fig. 

4 

Referring to Fig. 4, the wiring board 4 in the 
form of an elongated tape which is formed with a 
great number of IC chip mount portions in the 
longitudinal direction is continuously fed automati- 
calJy to a bonder and wound up. so that IC chips 
sequentially fed also automatically may be fixed to 
the wiring board at *e IC diip mount portions by 
bonding the bump electrodes and the connection 
terminals through gang bonding process. This 
method of bonding is generally called a tape- 
automated-bonding (TAB) method or a tape-earner- 

bonding method. 

Subsequently, the tape-like vyriring board.moun- 
ted with the IC chips is cut at invervals of a 
predetermined length which contains, for example, 
five IC chips and a cutout tape-like wiring boaitl 
mounted with the IC chips is set in a metal mold. 
Preferably, the metal mold may . be designed to 
accommodate a plurality of cut-out wiring boards at 
a time to thereby further improve efficiency of 
working. The metal mold is adapted for molding 
resin and has cavities each resembling a desired 
configuration of each IC module. A transfer resin 
such as epoxy. resin plasticized In a transfer cham- 
ber is injected into the cavities. This method of 
molding is called a transfer molding process ac- 
cording to which the plasticizing step of compres- 
sion molding is carried out in an independent trans- 
fer chamber and a plasticized material (resin) is 
pressurized and injected into closed cavities in a 
heated metal mold, and is advantageous in that (I) 
curing time is decreased, (2) curing is uniform and 
molding distortion is lessened. (3) the number of 
burrs is lessened, (4) accuracies of dimension are 
high and (5) parts to be embedded are not damag- 
ed. 

After the resin is injected into the metal mold 
through transfer molding process, the injected resin 
is cured and a resulting structure of the cut-out 
wiring board is removed from the metal moid and 
cut again to provide desired IC modules each hav- 
ing a single IC chip. 

The cut-out wiring board structure with IC mod- 
ules which has experienced resin Injection molding 
through transfer molding process and has been 
removed from the metal mokS is seen before cut- 
ting as illustrated in sectional form in Fig. 5 In 
which component members nke those of Fig. 3 are 
designated by like reference numerals. The struc- 
ture is cut at portions 12 to provide individual IC 
modules 20 having one IC chip L 

Second and third embodiments of the invention 
will be described. 



In the second embodiment, connection termi- 
nals 5 to be provided on the tape-like wiring .board 

4 as illustrated in Rg. 3 are formed by plating 
solder Bump electrodes 2* of'an IC chip I have 

6 each a thick bump of nickel w copper and a gold 
layer overlying the bump, and the connection ter- 
minals 5 are soldered to the bump electrodes 2". 
. In the third -embodiment, connection terminals ^ 

5 to be provided on the tape-like wiring board 4 as 
70 illustrated in Rg. 3 are formed on the copper foil 

pattern by partial plating to take the form of a 
three-layer lamination structure including a copper 
layer, a nickel layer and a gokj layer laminated In 
this order, and aluminum pads alone as produced 
75 during the IC wafer production process and used, 
without being appfied with aluminum metalfization. 
as electrodes of an IC chip I. The aluminum pads 
of the IC chip and bumps of the connection termi- 
nals of the wiring board are bonded together, es- 
20 tablishing gold-aluminum eutectic bonding, to con- 
nect the IC chip to the wiring board. 

With the exception of the points described 
above, the second and third embodiments are 
identical to the first embodiment described eariier. 
25 Turning to Rg. 6, there is illustrated, in s^ 
tionai view, an IC module according to a fourth 
^mbodinent of the invention wWch comprises a 
wiring board 4, an IC chip I. electrodes 2. connec- 
tion terminals 5. wiring conductors 6, contact termi- 
30 nals 8 and a photo-setting resin Iff for sealing. 

The wiring board 4 comprises an insulating film 
made of. for example, glass fiber epoxy or 
polyimide, and a predetermined conductor pattern 
of copper foil, formed on one surface of the Insulat- 
36 ing film, for formation of contact terminals 8 adapt- 
ed for electrical connection with electrodes (not 
shown) of a terminal unit and connection temninals 
5 adapted for connection to the IC chip I as well as 
for constituting the wiring conductors 8, the insulat- 
40 ing film being opened to form IC chip mount por- 
tions 28 at locations conrespondlng to the connec- 
tion terminals 5. The contact terminals 8 comprises 
layers of copper, nickel and gold sequentially lami- 
nated in tiiis order on the copper foil patterned on 
45 the wiring board 4 and Is raised relative to tiie 
wiring conductors 6. The connection temninal 5 
comprises a layer formed by plating tin on the 
copper foil patterned on the wiring board 4. Th3 
wiring conductors 6 are formed by etching a cop- 
so per foil laminated on tiie wiring board 4. 

The electrode 2 of tiie IC chip I has a bump 
fomied by metallizing aluminum on an aluminum 
pad and an uppermost layer fonned by plating gold 
on the bump. The IC chip I is inserted in th© 
56 opening of the IC chip mount portion 28, and the 
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electrodes 2 and the connection terminals 5 pat- 
terned on the wiring jjoard are bonded together 
through gang bonding process to form a desired 
semiconductor circuit 

As the sealing resin 10'. a Itnown photo-setting 
resin such as acryl resin may be used. . 

Principally, the IC module of the fourth embodl- 
mem can be fabricated through fabrication steps as 
will be explained with reference to Rg 7 

Referring to Rg. 7. the connection terminals 5 
0 the elongated wiring board 4 are bonded to the 
electrodes 2 of the IC chips I inserted in the 

S"f .K 28 in the wiring 

boa d 4 through gang bonding process, the wiring 
board 4 mounted with the IC chips is placed in a 
transparent mold 30 with individual IC modules 
accommodated In individual cavities 30a of the 
mold, and the photo-setting resin 10* is injected into 
he cavities 30a. The resin lO" is allowed to flow 
from one cavity to another via a hole 30b in com- 
«i*i^?cent cavities 30a. Subsequent- 
fy. external light ISlslPFadiited on-thelra^rpa^^-n^^^^^ 
Znn v.'"'" photo-setting resin 10-. After 
IZ ?:* *f fransparent mold 30 is disassembled 
Zr.T"^ semiconductor devices are removed 
from the transparent mold. 

Refen-ing to Rg. 8. there is illustrated in sec- 

bodiment of the invention which comprises an IC 
chip I. electrodes 2 of the IC chip I. a wiring board 

rlf!^ a ^' ^'""a conductors 6 and 

resms IC and 10* for sealing. 

ohio^® ^^^'^ ' ^ opening of IC 

chip mount portion 28 formed in the wiring board 4 
and the electrodes 2 of the IC chip I are bonded to 
the connection terminals 5. Thereafter, the firet 
resin 10- is filled in the opening of IC chip moum 
portion 28 to cover the IC chip I. its elecSodes 2 
and connection terminals 5. excepting the bottom 

cu"S'.n°'tiS " 'J"' '^^ -^'^ '0- - ^ 
cured. In this manner, the IC chip I and bonded 

nais 5 can be protected against processings in the 

o?otSr ""I"'""" Chip lean ^e 

protected from humidity and vibration and the IC 
module can be improved In strength. 

After tiie first resin lOr has been filled and 
cured, a resulting structure Is placed in a mold 
s^lar to that of the fourth emLmem id S 

5 Witt) two layers of resins 10* and 10°. 
r«» enibod/ment. a transparent ultraviolet- 

ray setting resin may be used as both tiie first and 

1 '°' °' °P««'"« ^esin com. 

position mixed witi, carbon blacic or the like may be 



. .yse<? as the first resin 10* of ttie first layer, therebv 
n;ak.ng it possible to prevent the IC chj 3 
Pteriiy forrned as an EPROM from being dar^agS 
by ultraviolet rays. • •""ageo 

' rr..?^ "^T^* °' ^ this embodl. 

molding process as th^ for the themioplastfc reSJ 
such ^ epoxy resin u^ed in the first embodimeS 

for n^olding IC modules in ti,e embodiments S 
scribed previously, tfie inner surface of tf,e mold is 

the mo,2 r^"' ^ '^'^^ ---^ 5 
IS r««,.T„l ^ '"OW and con. 

sequently improve efficiency of worldng. 

The use of the photo-setting resin such as 
uttraviolet-ray setting resin as the sealing r^n 
advantageous in that m photo-setting resin is J. 
20 fSrf!.»? temperatures to facilitate stable 

cfnsS Photo-setting resin is J 

9onstnctid or expanded upon curing at nomial 

temperatures to avoid occurrence of adverse effert 
sud, as breaicing of bonded portions Ttife 12 

28 .As described above, since according to the 
mvention the IC chips are mounted to T^B aZ 
Automated Bonding) substrate and sealed witi r^ 
b trough transfer molding process to fom,' the IC 
30 Si?" l"""^*^"" ^ 'C chip 

L T ^ '^o"'=* ^^""^^^ ^ tf'e IC modots 
per se tfie IC chip can be completely protected 
and reinforced at its upper and lower sJrfacJvS 
cured resin to avoid such damage as cracking of 
« tiie IC chip, and the fabrication process can ba 
simplified to reduce fabricafc-on time for IC modules 
and facilitate automation of ttie fabrication p^, 
thereby providing highly reliable IC modules of 
excellent performance which can be freed from 
10 pnor art disadvantages. 

rr.JTy*'!" fe^egoing embodiments the IC 
module has been described as applied to the IC 
card. It may obviously be applied also to data fits 
cards, electronic calculators and other various elec 
^ tronic devices. 
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w!r.„« K*®?'^."*^"***' ''^'^ (20) comprising a 
wiring board (4). an IC chip (I) mounted to ^d 
wiring board and a resin (10. 10". 10^ for molding 
said wmng board and said IC chip together. 

a r^ri" ~'"P"'««« « tape-lite 

S6 resin base film on which a conductor pattern for 
w nng conductors (6) and connection tenninals (5. 
8) are formed, said IC chip is connected to part of 
said connection terminals ttirough bump electrodes 
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(20 and said wiring bojard.and said IC; chi^are; 
molded so as to be integrally sealed with said 

resin, . , 

Z A semiconductor device according to Claim i 
adapted for IC cards wherein contact -terminals (8) 
for electrical contact with an external unit are 
formed on part of said conductor pattern on said 
wiring board, and said wiring board and said IC 
chip: are sealed with said resin such that upper 
portions of said contact terminals are exposed ex- 
terloriy of a sealed structure. • 

3. A semiconductor device according to Clam 
2 adapted for IC cards wherein said wiring board 
comprises a plastic base film made of a material 
selected from the group of glass fiber reinforced ts 
epoxy, polyimide and poiyethylene-terephthalalB. 

4. A semiconductor device according to Claim 
2 adapted for IC cards wherein each of said con- 
tact temiinals has a multi-layer stmcture of different 

kinds of metal- . 

5. A semiconductor device according to Claim 
4 adapted for IC cards wherein each of said con- 
tact terminals has a three-layer structure of a cop- 
per layer, a nickel layer and a gold layer. 

p. A semiconductor device according to Claim I 
wherein said wiring board and said IC chip are 
molded so as to be integrally sealed with a photo- 
setting resin. 
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FIG. 2 
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